Abstract-The effect of the change of the halide ligand on the chemical spectroscopic i.r. and NMR data of halo-carbonyl complexes of platinum (II) and palladium(II) has been studied . The results , in conjunction with other peripheral information suggest that the M-CO bond in these complexes has a predominant acomponent
INTRODUCTION
The elements at the end of the transition series forming M-CO bonds are interesting under several respects . The tetracarbonyls of palladium(O) and platinum(O) are assumed to be for all practical purposes intrinsically unstable with respect to their decomposition to metals under the ordinary conditions of temperare and p0 in spite of the fact that we are dgaling For these reasons it appeared worthwhile to have a closer consideration of these systems and possibly obtain a better understanding of the properties of metal-CO bond SYNTHETIC PROCEDURE Work carried out in these laboratories on halo-carbonyl complexes of the above mentioned cations had pointed out some unusual features . The research originated from attempts to find suitable conditions to stabilize carbonyl derivatives of platinum in low oxidation states (ref.5) . Although the attempts have been unsuccessful , an important development in this area came from the observation that the chloro-carbonyl complexes of gold(I) (ref. 6 ) and platinum(II) (ref.7) , i.e. AuCl(CO) and PtC12(CO)21respectively , which are extremely reactive towards water , are unreactive towards SOC12 , which,on the contrary , behaves as an oxidizing agent for many other metal carbonyl derivatives . The fortunate combination of nonoxidizing and dehydrating properties of thionyl chloride allowed us to observe several phenomena which otherwise would have presumably escaped our attention . The new finding , combined with the already known (ref.8) reducing properties of CO towards gold(III) led to a simple preparative method for AuC1(CO) consisting of treating (ref. 6 ) the commercially available tetrachloroauric acid with SOC12 as a reagent and a solvent , and with CO at atmospheric pressure and room temperature or slightly above . The extension of this synthetic procedure to platinum (ref.7) was obvious : thi is , however , a less satisfacory reaction because of the slower kinetics involved in d platinum(IV) with respect to d gold(III) , but the reaction is clean and only one single product is obtained , PtC12(CO)
, for reasons that have been completely clarified and will become evident in the course o this paper . It is important to realize that these syntheses are examples of redox processes promoted by carbon monoxide, the oxidized product being COC12. Of course , the metals of the nickel subgroup are electronically bound not to exceed the number of four bonds to CO , being therefore in an unfavourable situation with respect to the other elements on their left in the Periodic Table . Moreover an uniquely weak M_CO bond was suggested for palladium(O) by the observation that it has the lowest sublimation energy in the triad Following these considerations a little further and having observed , together with other workers (ref. 14) , that the complexes in this area of the Periodic Table are characterized by exceedingly high 'CO' , the provisional suggestion was made that palladium and platinum could not form M_CO bonds strong enough to compensate for the sublimation energy of the metals and for the entropy change involved in the formation of M(CO)
A further hypothesis was that no sufficient strengthening of the bond was necessarily obtained by decreasing the oxidation state of the metal , if , especially for palladium and perhaps silver , the M-CO bond was predominantly a in nature . There are several ways to test this hypothesis . We reasoned that the N-CO bond would be sensitive to changes in the rest of the molecule , the halide ligand being the obvious choice for studying electronic effects trasmitted through the metal An effort has therefore been made to synthesized new halo-carbonyl complexes of platinum(II) and palladium(Il) , concentrating the attention on the iodo-complexes , which had not been prepared earlier or had been studied incompletely for reasons which become quite evident in the course of the investigation Malatesta and Naldini had pointed out earlier (ref.l5) that the robustness of halo-carbonyl complexes of platinum(II) , of general formula Pt X (CO) (n=1,2) , decreases along the sen2n 2 ries ClBri . This is quite remarkable since for halo-carbonyl complexes of metals in the middle section of the transition series the sequence of robustness is believed to be the opposite.
It has now been possible to establish (ref.l6) that Pd12 suspended in a hydrocarbon or in a halogenated solvent is readily converted into Pt12(CO)2 at atmospheric pressure and room temperature
2 Pt12(CO)2
cis-PtI (CO)
The monomeric PtI2Wo)2 is characterized by one single CO stretching vibration , thus suggesting a trans-structure for it . However , the spectra of the compound in different solvents show a second weak band (at 2147 cm in toluene) which is believed to be due to a small amount of the cis-isomer in equilibrium , see equation (4) , the second band of cis-Pt12(CO)2 being not well resolved due to the intense absorption of the trans-isomer . to their isomerization , trans-PtI (CO)2 is the predominant species in sotution and we could detect only small concentrations o the cis isomer in equilibrium with it . Thus equilibrium (7) is alnDst ccnipletely shifted to the left in the case of X=I . We believe that this observation alone does not lend itself to much speculation about the nature of the Pt-CO bond , since steric effects could be sufficient to explain the observed geometry . We could , however , anticipate that overwhelming a-back bonding effects should not be operating in Pt12(CO)2 because they should favour the cis-isomer Pt X (CO) + 2 CO 2 trans-PtX (CO) (6) 
pressure and then by quencing the resulting solution at dry-ice temperature . The trans-dimenc structure similar to that suggested for Pd2Cl4(CO)2 and now established for !t214(CO)2 is probable on the basis of the1single CO stretching vibration observed at 2148 cm in toluene, to be compared with 2162 cm in the same solvent for Pd2C1 (CO)2 . Attempts to carbonylate Pd12 at superatmospheric pressure of CO or to prepare Pd2I4CO)2 by halogen exchange from Pd2C14(CO)2 failed and the latter reaction led to Pd12 , thus confirming that the exchange had occurred (PdC1 does not exchange with HI under comparable conditions) but the plati-2 (a) num-carbonyl iodide formed would promptly decabonylate according to equilibrium (9).
It has , however , been possible to prepare [PdI(Co)J by reaction of PdI2 with CO in the presence of I (NBu4I was the carrier of iodide in sym-dichloroethane solution) , see equation (10) . However , in agreement with the trend already established for all these systems , the iodo anionic compound was unstable and CO dissociation was observed even in the solid state at room temperature 
